An experiment, with a factorial arrangement of treatments (3×3), was conducted to evaluate the response or Ross broiler chicks to three stocking densities and three levels of probiotic added in drinking water. Two basal diets were formulated and fed to chicks during the starter and finisher periods. A total of 540 chicks was randomly divided into nine experimental groups, kept in floor pens at three stocking densities (10, 12 or 14 birds/m 2 ) and given probiotic (0.0, 1.0, or 2.0 ml/liter of water). Each group had three equal replications. All birds had free access to feed and water, and managed similarly. Growth performance, economic efficiency, carcass traits and blood parameters were determined. Increasing stocking density from 10 to 14 birds/m 2 during the entire experimental period led to significant increases in feed intake, mortality rate, and plasma total lipids, triglycerides and cholesterol but negatively affected feed conversion ratio, body weight gain, and concentrations of total protein, albumin and globulin in blood plasma. But stocking density did not affect carcass traits of birds. Water-added probiotic positively affected feed intake, feed conversion ratio, body weight gain and mortality rate, and caused a significant increase in total protein, albumin and globulin but significantly reduced plasma levels of total lipids, triglycerides and cholesterol. Added probiotic, however, had no effect on carcass traits. When growth performance and economic aspect are taken into consideration, it can be concluded that a stocking density of 10 birds/m 2 proved to be the best level. Probiotic addition produced further improvement in growth and economic efficiency of broiler chickens.
INTRODUCTION
Feed cost represents 60-70% of poultry production costs. So, nutritionists look for new and cheaper feed ingredients in order to improve the production performance and profitability. Optimal nutrition leads to increasing growth performance and improving the efficiency of feed utilization and economic efficiency of feeding.
Stocking density may affect the performance, health and welfare of broiler chickens. The appropriate stocking densities depend mainly on the inputs and outputs prices and thus on the cost-benefit analysis (Estevez, 2007) . The scientific literature contains various reports on the effects of stocking density on broiler performance. In general, broilers are kept at a considerably high stocking density. Such intensive housing systems may act on the birds as a crowding stress that causes various functional disorders. Thus, increasing stocking density may induce some stress and consequently depress immuno-competence in the birds.
Most growth promoters such as probiotic, prebiotic and symbiotic can modify the intestinal flora have been reported to positively affect the health and performance of poultry. On the other hand, the imbalance between pathogenic and non-pathogenic bacteria may depress feed conversion and growth of chickens due to competition with the host for the nutrients in the intestinal tract, degradation of host enzymes and reduction of the absorptive surface area (Bedford, 2000) . In addition, Fuller (1992) defined the probiotic as a live microbial feed supplement which beneficially affects the host animal. In this respect, Tolba et al. (2004) found that broiler chick performance was improved when they added probiotics to their diets. Therefore, the present study was undertaken to evaluate the effects of stocking density and probiotic added in drinking water on growth performance, carcass traits and blood parameters of broiler chickens.
MATERIALS AND METHODS
A total of 540 broiler chicks (Ross) were individually weighed and distributed into three groups according to stocking density (10, 12 and 14 birds/m 2 ). Each group was divided into three subgroups according to levels of added probiotic (0.0, 1.0 or 2.0 ml/liter of water). Thus nine experimental groups, each with 3 replications, in a factorial arrangement of treatments (3×3), were housed in clean floor pens. The study continued for 6 weeks of birds' age, from day old to 42 days old. A daily photoperiod of 23 h light: 1 h dark was used. Birds had free access to feed and water. All groups were kept under similar conditions. Basal starter and finisher diets having 3014 kcal ME/kg and 23.04% CP (1-21 days old) and 3204 kcal ME/kg and 19.28% CP (21-42 days of age) were formulated and used (Table 1) . Growth performance were evaluated as live body weight (LBW), body weight gain (BWG), feed intake (FI) and feed conversion ratio (FCR) . At the end of study, blood was taken from four chicks per treatment. Plasma was separated by centrifugation at 3000 rpm for 15 minutes. Concentrations of plasma total lipids, cholesterol, triglycerides, total protein and albumin were determined using commercial kits, as described by Frings and Dunn (1970) , Allain et al. (1974) and Fossati and Prencipe (1982) , Doumas et al., 1981) and Doumas et al. (1971) , respectively. Level of plasma globulin was obtained by subtracting the plasma albumin concentration from that of plasma total proteins. When the birds were 6 weeks of age, four birds from each treatment were individually weighed and then they were slaughtered and immediately eviscerated. The individual weights of carcass yield and edible organs were determined. Thus, carcass yield was calculated as the percentage of carcass weight relative to pre-slaughter live body weight. Dressing percentage and percentages of lymphoid organs and abdominal fat pad were also determined. Data were statistically processed by using a two-way analysis of variance by means of the SAS procedure (SAS, 1999) . The significant differences among means different measurements were identified at P≤0.05 using the multiple range test (Duncan, 1955 
RESULTS AND DISCUSION

Growth Performance Live body weight and weight gain
The effects of stocking density, added probiotic and their interaction on performance traits of broiler chicks are presented in Tables 2 and 3. Data revealed that 21-day-old LBW of birds was significantly (P≤0.05) decreased by 2.77 and 9.39% by increasing stocking density from 10 to12 or 14 birds/m 2 , respectively. The same trend was observed in final 42-day-old LBW of chicks was significantly (P≤0.05) lower by 5.64 and 14.80% due to increasing stocking density from 10 to12 or 14 birds/m 2 . At the entire experimental period, broilers gained significantly (P≤0.05) less weight as stocking density increased from 10 to 14 birds/m 2 . The negative effect of high stocking density on body weight and weight gain of chicks is related to the reduced chance of birds to get their nutritional requirements. Our results were confirmed by several authors (Feddes et al., 2002; Dozier et al., 2006) , who found that final body weight of broiler chickens decreased by increasing stocking density. When stocking density exceeded 30 birds/m 2 , Shanawany (1988) birds had significantly lighter body weights as compared to lower stocking densities.
At 21 days old, birds given probioticsupplemented drinking water (1.0 or 2.0 ml/liter ) were significantly (P≤0.05) heavier by 8.90 and 4.53%, compared with the control group. Similar trend was observed in final live body weight of birds at the end of study, where body weight of birds given probioticsupplemented drinking water at a level 2.0 ml/liter was significantly (P<0.05) higher by 9.65% than the control group, followed by those given the probiotic at a level of 1.0 ml/liter, being 4.10%. The improved LBW of broiler chicks, observed herein, may be due to increased absorption and utilization of nutrients. Added probiotic can also improve the balance between the useful and pathogenic bacteria in the gastrointestinal tract in favor of the host animal, non-pathogenic bacteria may depress FCR and growth in chickens due to competition with the host for the nutrients in the intestinal tract or via reducing the absorptive surface area (Bedford, 2000) . Contrary to the present results, Zulkifli et al. (2000) observed no improvements in growth of chickens fed on diets supplemented with probiotic. Inconsistent responses of chickens to added probiotic in various studies may be attributed to the differences in the strains of bacteria or types of probiotic used and in their levels of addition in diets or drinking water.
At the end of starter period, added probiotic positively affected body weight gain of birds. Similar trend was observed in LBW of birds at the end of finisher period and at the whole experimental period. Our results harmonize with the findings of Ernest (1996) and Alwan et al. (1997) , who found that added dietary yeast culture significantly improved BWG of broiler chickens compared with the control group. On the other hand, Mohan et al. (1996) reported that the differences in body weight gain of broilers were not significant due to adding probiotic at 3.0 g/kg diet. The effects of interaction between stocking density and probiotic supplementation were significant on live body weight and bodyweight gain of broiler (Tables 2 and 3 ). The highest LBW and BWG were observed when birds were kept at 10 birds/m 2 with adding probiotic at 2.0 ml/liter of water for the starter, finisher and the whole experimental periods.
Feed intake and feed conversion ratio:
The effects of stocking density, added probiotic and their interaction on feed intake and feed conversion ratio of broiler chicks are given in Table 3 . During the whole experimental period, broiler chicks reared under stocking density of 10 birds/m 2 consumed less feed and had better feed conversion ratio as compared to those kept at 12 or 14 birds/m 2 . At the whole experimental periods, feed conversion ratio were significantly (P≤0.05) depressed but feed intake responded with no clear-cut trend by increasing stocking density from 10 to 14 birds/m 2 . Conversely, Dozier et al. (2006) found that increasing the stocking density improved feed conversion ratio in broiler chicks. However, Proudfoot and Hulan (1985) and Dozier et al. (2006) observed no significant differences in feed intake when broilers were kept under many stocking densities. But Bolton et al. (1972) found a significant decrease in feed intake as the space per bird decreased.
During the whole experimental period, feed consumption of broiler chicks that were given probioticsupplemented water was significantly lower than that of the control birds. Probiotic addition in drinking water positively affected feed conversion ratio of birds in comparison with the control group during the entire experimental period (Table 3 ). The present results agree also with those of Kahraman et al. (1997) and Jin et al. (1998) , who reported that FCR of broilers fed probioticsupplemented diets was significantly better than the control group. In disagreement with our results, El-Ghamry et al. (2002) and Kumar et al. (2002) observed no improvements in feed conversion ratio in probioticsupplemented groups compared with the control group. There were significant interactions between stocking density and added probiotic on feed conversion ratio of broiler chicks. The best mean of feed conversion ratio was achieved by birds kept at 10 birds/m 2 and given 2.0 ml probiotic per liter of water compared with other treatments during the whole experimental periods.
Mortality rate:
The effects of stocking density, added probiotic and their interaction on mortality rate of broilers are presented in Table 4 . At the end of study, mortality rate was significantly (P<0.05) increased due to increasing stocking density from 10 to 14 birds/m 2 . But these results disagree with the findings of Thomas et al. (2004) , Dozier et al. (2006) and Meluzzi et al.(2008) , who observed no relationship between stocking density and mortality rate in broiler chicks.
Probiotic supplementation led to significant reductions in mortality rate of broiler chicks comparing to the control group during all the examined phases of growth (Table 4 ). The present results disagree with those of Senani et al. (1997 ), Cavazzoni et al. (1998 and Ali (1999) , who observed that mortality rate of the chicks was not significantly affected by addition of probiotic to the diets. The discrepancies in the response of chickens to added probiotic might be related to a variety of factors such as diet composition, dose and type of probiotic, experimental protocol, duration of study, housing system and strain and age of bird.
Significant interactions were observed between stocking density and added probiotic on mortality rate of broilers during the starter, finisher and whole experimental periods. During the entire experimental period, the least mortality rates were achieved by birds kept at 10 or 12 birds/m 2 and given 2.0 ml probiotic per liter of drinking water. 
Carcass traits and lymphoid organs:
The response of carcass traits of broiler chicks to stocking density, added probiotic and their interaction are presented in Table 5 . Relative weights of carcass traits were significantly decreased but abdominal fat increased in response to rising stocking density from 10 to 14 birds/m 2 . These results agree with the findings of Cravener et al. (1992) , Feddes et al. (2002) and Dozier et al. (2005) , who reported that carcass weight of chicks decreased as the level of stocking density increased, but other parameters were not affected.
The results showed also that relative weights of carcass traits were not significantly affected by adding probiotic in drinking water (Table 5) . These results disagree with the findings of Tawfeek et al. (1993) , who reported that feeding Fermactosupplemented diets caused significantly higher carcass and dressing percentages of broilers in comparison with feeding the control diet. The results of Abd-Elsame (2001), El-Ghamry et al. (2002) and Kalavathy et al. (2003) confirmed the present results. They found no significant effect of probiotic supplementation on carcass quality of broilers. The carcass traits of broiler chicks as influenced by the interaction between stocking density and added probiotic are given in Table 5 . The best means of carcass traits were achieved by birds kept at 10 birds/m 2 and given 2.0 ml probiotic per liter of drinking water as compared to other treatments.
The effects of stocking density, probiotic supplementation and their interaction on lymphoid organs are presented in Table 6 . Relative weight of bursa slightly increased while percentages of thymus and spleen slightly decreased in response to increasing stocking density from 10 to 14 birds/m 2 . No significant interactions were observed between stocking density and added probiotic on absolute weights of lymphoid organs. The Stocking density by added probiotic interactions were significant on relative weights or bursa and thymus but were not significant on percent spleen. Blood parameters: There were significant increases (P≤ 0.05) in plasma levels of total lipids, triglycerides and cholesterol as stocking density increased from 10 to 14 birds/m 2 (Table  7) . But plasma total protein was significantly reduced due to increasing the stocking density from 10 to 14 birds/m 2 . In this respect, Pesti and Howarth (1983) and Thaxton et al. (2006) reported no significant effect of stocking density on plasma cholesterol of broiler chickens.
Results presented in Table 7 showed that plasma concentrations of total lipids, triglycerides and cholesterol significantly decreased while those of total protein, albumin and globulin increased due to adding probiotic to drinking water of broiler chicks compared with their control counterparts. Similarly, Tawfeek et al. (1993) and El-Ghamry et al. (2002) reported that levels of plasma albumin and globulin were not affected by experimental diets supplemented with yeast culture in comparison with the control group. The present results agree with the results of Salim (2004) and Tolba et al. (2004) , who found significant increases in plasma concentrations of total protein, albumin and globulin fractions when birds were fed on probiotic-supplemented diet compared with the control group. Stocking density by added probiotic interactions were significant on blood plasma constituents examined here (Table 7) .
Economic efficiency:
The effects of stocking density and probiotic supplementation and their interaction on economic efficiency of broiler chicks throughout this experiment are illustrated in Table 8 . The obtained results revealed that keeping broiler chicks at 10 birds/m 2 resulted in the highest means of economic efficiency and relative economic efficiency. Probiotic supplementation in drinking water had a positive effect on economic efficiency and relative economic efficiency of broiler chicks. 
CONCLUSION
When growth performance broiler chicks and economic aspect are taken into account, it can be concluded that the best stocking density is suggested to be 10 birds/m 2 . Further improvement in growth and economic efficiency can be achieved due to probiotic addition.
